Incorporation of phosphonic acid diesters into lipid model membranes. Part II. X-ray and neutron diffraction studies.
Mixtures of egg phosphatidylcholine and phosphonic acid diethyl or dibutyl esters of the general type RP(O)(OR')2 with R = hexane or dodecane were studied at room temperature in the fluid lamellar state by X-ray and by neutron diffraction. Generally a molar ratio of lipid and ester of 1:0.5 was used. Additionally an equimolar lipid/ester mixture of hexane phosphonic acid diethyl ester was studied. Depending on the ester used and its concentration a single L alpha-phase was observed above a certain water content which changes to an L alpha + water two phase system at high water concentration. Despite the large amounts of the amphiphilic ester molecules incorporated in the membrane and their high molecular asymmetry, the mixtures qualitatively show the typical hydration and swelling behaviour of non-charged lipid membranes. However, the incorporation of the esters induces a higher hydration capacity, a lateral extension and a decrease in membrane thickness. The position of the ester molecules and their orientation in the membrane were determined by neutron diffraction using partially deuterated esters. The esters were found to be located with their phosphonic moiety near or in the lipid/water interface. The lamellar structure contradicts this location of the cone-shaped ester molecules which should increase the tendency to form hexagonal structures. However, the experimental findings can be understood if one considers a partial interdigitation of the last hydrocarbon groups of the lipid chains accompanied by a larger disorder in the hydrophobic centre of the membrane. In the case of hexane phosphonic acid dibutyl ester, a vertical translocation of the ester takes place below a certain water content where it is distributed between two locations at the lipid water interface and the centre of the membrane.